Background: There have been many efforts to rectify lifestyles that contribute to obesity using a variety of methodologies in heterogeneous settings, but effective and sustainable interventions that are suitable for children are still needed. We developed a smartphone application called "HAPPY ME" for guiding health behavior decisions, which employs gamification and self-monitoring strategies. The aim of this paper is to outline the rationale and methods for the development and feasibility test of "HAPPY ME". Methods: The study consisted of two phases: 1) description of theory-based conceptual framework and rationales for smartphone application development and 2) outline of a pre-and post-test design in 4 th -6 th grade of healthy elementary school students for 4 weeks. The students will be delivered missions or messages on a daily basis, which is to stretch the knowledge and skills for action. They will simultaneously be engaged in self-monitoring their eating and physical activities to clear daily quests. To measure acceptability and feasibility we will monitor usability, compliance, and satisfaction for a 4-week study period and evaluate the intervention effects on self-efficacy, readiness, and intention to engage in healthy behavior.
INTRODUCTION
In recent years, children being overweight or obese has become one of the major concerns in the public health sector worldwide, including Korea. The prevalence and severity of overweight and obese school-aged children in Korea has increased almost tenfold over the last 20 years, 1) and an estimated 14.3% of school-aged children were overweight or obese in 2011.
2) The importance of early assessment and intervention of potential and substantial risk factors for child obesity has been emphasized in light of its deleterious health consequences. Despite the increasing number of behavioral interventions for obesity prevention and management in children, 3) it is still uncertain what the most effective and efficient components of these inter-
ventions are and what the most acceptable and sustainable strategies are for childhood.
Smartphones have recently become part of contemporary culture in children. It is common for children to start using smartphones at 10-12 years old, and 81% of children aged 8-18 years use them. 4) It is reported that Korea reached a smartphone penetration rate of 65% among school-aged children in 2013, which increased 13 times from 6% in 2010. 5) The broad reach of smartphones and the prosperity of the multimedia industry have gained enough attention to facilitate the engagement of children and therefore be a potentially powerful means for children's health management. Given the features of portability, accessibility, and adaptability, smartphone-delivered interventions may provide a more effective strategy in modifying a range of obesity-related health behaviors, specifically diet and physical activity. Previous research with adults has found that technology-based interventions are an acceptable and effective method for obesity management by delivering health information, providing selfmonitoring tools or programs, and interacting via automatic feedback systems. 6, 7) Moreover, interventions using smartphone applications have been considered to overcome many of the barriers of conventional offline obesity management interventions in children, including constraining high dropout rates accompanied by low attendance to education sessions, lack of interest, unwillingness to engage in face-to-face counseling or interviewing, and sometimes large burdens for accompanying parents. 8) Interventions using smartphone applications can provide a more effective and acceptable means of child obesity management, allowing the participants an interesting, easily-accessible, self-facilitated intervention using the interactive and playful features of the smartphone.
9)
Despite the potential advantages of smartphone application-supported strategies to provide effective and acceptable support, it is hard to find evidence of the acceptability and effectiveness of technology-based interventions spe-cifically targeting obesity management in school-aged children. As the first step in establishing an evidence base around the use of smartphone applications in child obesity prevention and management, therefore, we developed "HAPPY ME", a smartphone application for guiding health behavior decisions using gamification and self-monitoring strategies. We plan to conduct a preliminary study to test the acceptability and feasibility of this application in child obesity prevention and management.
METHODS

Overview of study design
The aim of this paper is to describe the rationale and developmental procedure of a smartphone application for child obesity prevention and management and also present a study protocol for a feasibility test specifically targeting school-aged children. This study was designed as one of the Future Planning, Korea (NRF-2013M3C8A2075911). The study consisted of two phases: 1) design and development of the smartphone application "HAPPY ME" and 2) study protocol for preliminary test of the prototype of "HAPPY ME" for acceptability and feasibility.
Design and development of "HAPPY ME"
1) Theoretical framework
The conceptual background for "HAPPY ME" development was Csikszentmihalyi's flow theory and Keller's attention, relevance, confidence, and satisfaction (ARCS) model of motivational design. 
2) Gamification
Gamification is the concept of applying game mechanics and dynamics to non-game contexts to make people more motivated and engaged in solving problems. Game mechanics are functional elements in gamification, including a leaderboard, points, badges, levels, and challenges or quests. 12 Gamification has been studied and applied with mobile and web applications to encourage the participants to engage in decision-making for desired behaviors in the health sector, including smoking cessation, 14) medication adherence, 15) self-management for chronic disease, 16) physical activity engagement 17) and dietary decision-making.
18)
Gamification has also been recognized as a very practical tool for taking advantage of health care in children and adolescents. 19) However, using technology for education or health management in children is still a topic under debate due to the potential harmful side effects of media addiction or smartphone addiction. Technology-based interventions for child health management are just in the beginning stages of development, and thus there is little evidence of their potential benefits for child health outcomes. inforcements, and expectations. "HAPPY ME" was designed to aid healthy behavior adoption by incorporating gaming elements into these theoretical concepts.
"HAPPY ME" consists mainly of nine quests that address healthy diets, physical activity and exercise, socio-emotional support, and obesity-related knowledge.
Six quests are available to the user from the beginning, and three more quests are available when the user successfully completes quests on a daily basis and gets to a certain level by earning experience points. The first page displays the six quests that are available, and the user can select one of them. For example, the user can start the quest that addresses exercise by clicking the corresponding button.
When the user opens the quest, the message, "ten-minute stretching for healthy body" appears with a "start" button. When the "start" button is clicked, a simulation video of the stretching exercise is displayed with a stopwatch on the board. After ten minutes, a message that reads "success" pop up and some experience points are given as a reward. If the user exits the page before the ten minutes are up, a message that reads "incomplete" appears. Each quest is randomly updated on a daily basis.
Experience points and badges are given as rewards for the completion of each quest. As users earn experience points, they can get to higher levels.
Closed social networking services allow all users who participate in "HAPPY ME" to be ranked on a scoreboard so users can compare their own ranking to that of their friends in real time. Badges are given as additional rewards to users who achieve a certain number of experience points or reach certain levels. In addition, physical activity is automatically recorded and displayed as a daily step count via a pre-installed pedometer on the application. The immediate feedback system provides the amount of calories expended in accordance with the step count and also displays a comparison with the recommended calorie intake. Experience points are given as a reward for meeting step count goals. Students are encouraged to record their dietary intake and physical activity as much as they can. Self-monitoring of dietary intake and physical activity is optional because manual recording methods are apparently labor-intensive and burdensome for such an age group, which can reduce the adherence to the application.
Rewards are given for tracking dietary intake and physical activity in order to incentivize users.
4) Intervention content
The intervention areas on which "HAPPY ME" focuses are diet, physical activity, and socio-emotional support.
These areas have been suggested as key elements in child obesity management. 21) The key messages for each area are based on national policy and expert recommendations for healthy lifestyle in children. [22] [23] [24] Key messages for healthy eating are focused on eating fruits and vegetables every day, eating two servings or more of low-fat dairy every day, eating breakfast every day, opting for an appropriate portion size, drinking more water than sugar-sweetened beverages, and choosing healthy snacks over instant and fast food. These messages are taken from the Dietary Guidelines for Healthy Eating in Children. 22) Two key messages for physical activity are suggested that are consistent with the Dietary Guidelines for Healthy Eating in 3. Acceptability and feasibility test of prototype "HAPPY ME"
1) Setting and participants
This study employs a school-based pre-and post-test design aimed at improving healthy behavior for obesity prevention and management. Elementary school students from fourth to sixth grade who use smartphones will be recruited from two schools. The participants will include those 1) whose weight ranges from underweight to obese, 2) who are healthy without systematic or metabolic disease conditions, 3) who are capable of downloading and operating the smartphone application, 4) who have not been involved in any behavioral modification programs in the past 6 months, and 5) whose parents give permission for them to participate.
2) Study procedure
A newsletter will be sent to potential participants' parents in the recruited schools. The newsletter will include the purpose of the study, method and duration, features of the applied smartphone application, information that will be collected, and a written consent form. The consent form will be obtained from dyads of parents or legal guardians and students. After collecting consent forms, the research staff will telephone the parents who permit their children to participate in the study, describe this study in further detail, and obtain verbal consent. Children's current health status and medical history will be determined through the telephone interview with the parents.
Enrolled students will participate in the 4-week trial of the prototype "HAPPY ME". In advance of "HAPPY ME" installation, smartphone use, determined by time and frequency, of all participants will be measured for a run-in period of 1 week to get baseline data. Changes in smartphone use within-group will be analyzed to determine the potential impact of encouragement to use the newly installed application on the general use of smartphones in childrenwhether use of the smartphone will be acceptable for child health interventions, considering concerns over the negative effects of smartphone use.
The participants will be instructed to install the "HAPPY ME" application on their own smartphones and to create an account for login with general information such as age, sex, current body weight, and height. They will then be in- 
Outcome measures
The rate of parents' agreement to let their children participate will be addressed. The usage and compliance of "HAPPY ME" will be monitored throughout the whole period of the trial by keeping an access log of participant's activity on the application. The collected data will be summarized on a daily and weekly basis. The access log will be analyzed for an estimation of the retention rate and success of the quests as primary outcomes in accordance with aim of this feasibility study.
As the secondary outcomes, current dietary behavior and physical activity, readiness and intention to engage in behavioral modification, perceptions, knowledge and self-efficacy for healthy diet and physical activity will be assessed using a constructed survey questionnaire in a face-to-face interview with all participants before and after the study. The changes in the magnitude of readiness, intention, behavior, and psychological variables measured before and after the trial will be evaluated in order to find the short-term effects of the intervention on health behavior decisions. The step count automatically collected by the pedometer will be used as the objective indicator to verify actual behavioral change in effect. Dietary intake and physical activity, which users are encouraged to record but given the option not to, will be used to assess users' commitment to self-management. Satisfaction with the application will also be assessed at the end of the study. This paper describes the rationale and methodology of the acceptability and feasibility test of intervention delivery using the smartphone application that was developed specifically for aiding behavioral decisions related to child obesity prevention and management. "HAPPY ME" was designed to provide an interactive and practical tool to increase children's awareness, knowledge, and self-efficacy related to healthy behavior for obesity prevention and management. Important aspects of the design of "HAPPY ME" are as follows. First, it targets multiple behavioral changes, which is considered more acceptable and valuable to the users because it reduces the burden to find other supplemental applications or materials. 26) Second, it typically uses game mechanics and dynamics to deliver informative content, which has been suggested as an effective way to make the users engage into purposive actions 22, 27) and to increase motivation and adherence to the application. It is known that encouraging smartphone use and adapting game elements have potential adverse effects, such as overindulgence, in child health care interventions.
DISCUSSION
Therefore, we constrain the use of the application to a certain number of quests per day. However, the functionalities for self-monitoring of dietary intake and physical activity are available even when the quest limit has been reached for the day, and rewards are offered for commitment to tracking this behavior. The application is designed to only be available from 7 a.m. to 10 p.m., so as to not disturb the children's bedtime. Smartphone use during class is generally prohibited by school regulations in Korea.
The protocol for this feasibility test will follow these regulations and will not interrupt the children's schoolwork.
Notwithstanding the positive aspects, concerns about the negative effects of mobile technology-supported strategies are being raised. Increased access to smartphones may increase obsessive use and addiction, which can create harmful consequences for physical and psychological health outcomes. 28) There is a concern that the increased use of smartphones may take the place of active play and promote sedentary behavior, which has been increasingly studied as a determinant of childhood obesity. 29, 30) Therefore, careful consideration should be given to issues of smartphone-supported child obesity interventions. Parental involvement has been suggested as one of the most important elements in child obesity management using smartphone applications, allowing the parents to participate with the child and support the child's achievements. 26) The third cachet of this application is that parental participation is required to complete one of the six daily quests, which includes an element such as "discussion of vegetables and fruits which are available" or "to make a promise to exercise together with parents". Incorporating parents in the activities of the application allows the parents to monitor their child's adherence to the activities with the application, and thus possibly encourage the child more. It can be helpful to make the home environment more supportive of the child obesity intervention as well.
Lastly, multidisciplinary work across the areas of child education, behavioral science, medicine, nutrition, physical activity, psychology, and intellectual technology science have shaped the development of the application and the planned empirical test of the application. The principles and strategies used in "HAPPY ME" can be translated to general health promotion projects for children and youth. 
